Background and Purpose-FABP4 (fatty acid-binding protein 4) is an intracellular lipid chaperone involved in coordination of lipid transportation and atherogenesis. This study aimed at observing the effect of FABP4 on the 3-month outcomes in Chinese patients with acute ischemic stroke. Methods-In a prospective multicenter observational study, serum concentrations of FABP4 were on admission measured in plasma of 737 consecutive patients with acute ischemic stroke. Serum concentrations of FABP4, National Institutes of Health Stroke Scale score, and conventional risk factors were evaluated to determine their value to predict functional outcome and mortality within 3 months. Results-During follow-up, an unfavorable functional outcome was found in 260 patients (35.3%), and 94 patients (12.8%) died. In multivariate models comparing the third and fourth quartiles to the first quartile of FABP4, the concentrations of FABP4 were associated with poor functional outcome and mortality. 
I
n China, the annual stroke mortality rate is ≈1.6 million, which has exceeded heart disease to become the leading cause of death and adult disability. 1 Furthermore, China has 2.5 million new stroke cases each year and 7.5 million stroke survivors. 2 Rapidly measurable biomarkers to predict illness development, outcome, and mortality are pivotal for the optimized care and allocation of healthcare resources. 3 Fatty acid-binding proteins (FABPs) are a family of small cytoplasmic lipid-binding proteins. To date, at least 10 genes encoding FABPs have been identified in the human genome. 4 FABP expression is distributed through various tissues in highly specific manners with different levels. In adipocytes, for example, FABP4 (fatty acid-binding protein 4) and FABP5 are expressed at a high level and a trace of amount, respectively. 5 FABP4 is an intracellular lipid chaperone involved in the coordination of lipid transportation 6 and atherogenesis. 7 Previous studies have suggested that FABP4 was associated with insulin resistance, 8 obesity, 9 hypertension, 10 diabetes mellitus, 11 and atherosclerosis.
12
FABP4 expression in atherosclerotic plaques of carotid arteries was previously found to predict cardiovascular outcome, 13 and naturally occurring genetic low expression variant of FABP4 was found to promote plaque stability and reduce the risk of cardiovascular events.
14 Data from previous investigations imply that FABP4 is a prognostic biomarker for cardiovascular disease. 15 Furthermore, Holm et al 16 suggested that FABP4 was linked to atherogenesis, plaque instability, and adverse outcome in patients with carotid atherosclerosis
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and acute ischemic stroke (AIS) in a small sample. In this study, we, therefore, evaluated the short-term prognostic value of early measurement of FABP4 concentration in Chinese patients with AIS from 3 stroke treatment centers.
Methods

Patients and Study Design
This study was conducted at 3 stroke centers from 3 cities (Beijing, Weifang, and Jinan) in China. Patients were eligible for inclusion if they were admitted to the emergency department with a first-ever AIS and with symptom onset within 24 hours. The number of AIS patients attended during the study period (from January 2015 to December 2015) determined the sample size. The patients or their relatives (patients unable to communicate) gave written informed consents before entering the study. This study was approved by the investigational review board of the Affiliated Hospital of Weifang Medical University. The inclusion and exclusion criteria, clinical variables, and neuroimaging information were as described in our previous study. 17 Demographic data (age and sex), body mass index (BMI), and history of risk factors were obtained at admission. In addition, acute stroke treatment (IV thrombolysis and mechanical thrombectomy) was recorded. Magnetic resonance imaging with diffusion-weighted imaging was available in some patients. The infarct volume was calculated using the formula: 0.5×a×b×c. 18 Clinical severity was assessed at admission using the National Institutes of Health Stroke Scale (NIHSS) score. The primary end point was functional outcome on month 3, and functional outcome was assessed by the modified Rankin Scale. 19 A favorable functional outcome was defined as a modified Rankin Scale score of 0 to 2 points, whereas an unfavorable outcome was defined as a modified Rankin Scale score of >2 points. 20 Secondary end point was all-cause mortality within 3 months. Outcome assessment was performed by 2 trained staff members blinded to FABP4 concentrations with a structured follow-up telephone interview with the patient or, if not possible, with the closest relative or family physician.
Blood Collection and Quantification
For all patients, blood samples were drawn on the first morning (06:00 am) after admission under fasting state and within 48 hours of stroke onset (within 0-6 hours [n=286], 6-12 hours [n=227], 12-24 hours [n=101], and 24-48 hours [n=123] from the symptom onset). Furthermore, blood samples from some patients (n=71) were collected on 12, 24, 48, 72, 96, and 120 hours after admission for FABP4 tested. Blood HbA1c (hemoglobin A1c) was measured with a normal range of 4% to 6% at admission. Routine serum biomarkers, including high-density lipoprotein, low-density lipoprotein, fasting insulin, creatinine, fasting blood glucose (FBG), and high-sensitivity C-reactive protein (Hs-CRP) were tested using standard detection methods. Serum concentrations of FABP4 were batch analyzed using a commercially available ELISA from R&D Systems (Minneapolis, MN). Interassay and intra-assay coefficients of variation were 7.0% and 3.6%, respectively. The homeostasis model assessment of insulin resistance index was calculated as follows: fasting serum insulin (μU/ mL)×FBG (mmol/L)/22.5. Estimated glomerular filtration rate (eGFR) was calculated by an equation for Chinese: eGFR (mL/min/1.73 m 2 )=175×creatinine-1.234age-0.179sex (male=1, female=0.19).
Statistical Analysis
Results are expressed as percentages for categorical variables and as means (SD) and medians (interquartile ranges [IQRs]) for continuous variables. Proportions were compared using the χ 2 test. A 2-group comparison was performed using the Mann-Whitney U test or a 2-tailed Student unpaired t test. Spearman rank correlation was used for bivariate correlations.
The relation of biomarkers with the 2 end points was investigated with the use of logistic regression models. We used crude models Results are expressed as percentages or as medians (IQR). BMI indicates body mass index; eGFR, estimated glomerular filtration rate; FABP, fatty acidbinding protein; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; HOMA-IR, the homeostasis model assessment of insulin resistance; Hs-CRP, highsensitivity C-reactive protein; MRI, magnetic resonance imaging; and NIHSS, National Institutes of Health Stroke Scale. *In the subgroup of patients (n=440) in whom MRI evaluations were performed.
and multivariate models adjusted for all significant outcome predictors in univariate analysis and report odds ratios (ORs). For a more detailed exploration of FABP4 and end points' relationship, we also used multivariate analysis models to estimate the adjusted OR and 95% confidence interval (CI) of outcome (mortality) for FABP4 quartiles (with the lowest FABP4 quartile as reference). Furthermore, receiver-operating characteristic curves, integrated discrimination improvement, and net reclassification improvement were used to test the overall prognostic accuracy of FABP4. 21 Finally, we calculated Kaplan-Meier survival curves and stratified patients by FABP4 quartiles. All statistical analyses were performed with SPSS for Windows version 21.0 (SPSS, Chicago, IL) and the ROCR package (version 1.0-2), which is available from the CRAN repository (http://cran.rproject.org/). Statistical significance was defined as P<0.05.
Results
Descriptive Characteristics of Stroke Patients
From a total of 896 eligible patients, blood was collected in 767 patients. Of the original 767 stroke patients, 737 completed the 3-month follow-up and were available for analysis ( Figure I in the online-only Data Supplement). At admission, the median NIHSS score was 7 (IQR, [4] [5] [6] [7] [8] [9] [10] [11] [12] , and the median FABP4 concentration was 18.8 ng/mL (IQR, 13.8-25.4). The baseline characteristics of the patients are described in Table 1 . Furthermore, the serum FABP4 concentration and baseline characteristics among the 3 stroke centers were comparable (Table I in the online-only Data Supplement).
Main Results
Stroke treatment was conservative in 655 patients (88.9%), and 215 patients (29.2%) underwent thrombolysis. During follow-up, an unfavorable functional outcome was found in 260 patients (35.3%). Ninety-four patients died, and the mortality rate was, thus, 12.8%. The distribution of the 3 stroke centers of outcome event is not significantly different (P>0.05; Table  II in the online-only Data Supplement).
Daily blood samples were obtained for 5 days after admission in a subgroup of 71 patients, 31 of whom subsequently experienced unfavorable functional outcomes. The result illustrates the time course of serum FABP4, showing significant changes with day of sampling (P<0.001), with peak concentrations on day 1 (P<0.001, compared with days 0, 0.5, and 2-5, respectively), falling to a plateau by days 2 to 5 ( Figure 1 ).
FABP4 and Severity of Stroke
There was a modest correlation between serum concentrations of FABP4 and NIHSS score (r=0.446; P<0.001; Figure IIA in the online-only Data Supplement). In the subgroup of patients (n=440) in whom magnetic resonance imaging was available, FABP4 concentrations paralleled lesion size (r=0.206; P<0.001; Figure IIB in the online-only Data Supplement). In addition, there were positive correlations between serum concentrations of FABP4 and BMI, FBG, Hs-CRP, HbA1c, and homeostasis model assessment of insulin resistance and negative correlations between serum concentrations of FABP4 and high-density lipoprotein and eGFR (P<0.05, all). Interestingly, the median FABP4 concentration was significantly greater for cardioembolic stroke than for the other stroke subtypes ( In univariate logistic regression analysis, we calculated the ORs of FABP4 concentrations compared with the NIHSS score and other risk factors as presented in Table 2 . After adjusting for all other significant outcome predictors in univariate analysis, FABP4 remained an independent outcome predictor with an adjusted OR of 1.086 (95% CI, 
FABP4 and Functional Outcome After 3 Months
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1.041-1.132). In the subgroup of patients (n=400) in whom magnetic resonance imaging evaluations were performed, FABP4 was an independent outcome predictor with an OR of 1.134 (P<0.001) after adjustment for both lesion size (OR, 1.011; P=0.013) and NIHSS score (OR, 1.076; P=0.007).
We also used multivariate analysis models to estimate the adjusted OR and 95% CI of functional outcome for FABP4 quartiles (with the lowest FABP4 quartile as reference). In multivariate models comparing the third and fourth quartiles to the first quartile of FABP4 (Table 3) , the concentrations of FABP4 were associated with functional outcome. Compared with the reference category (Q1-Q3), the concentrations of BMI indicates body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; FABP, fatty acid-binding protein; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; HOMA-IR, the homeostasis model assessment of insulin resistance; Hs-CRP, highsensitivity C-reactive protein; LACS, lacunar syndrome; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; PACS, partial anterior circulation syndrome; POCS, posterior circulation syndrome; and TACS, total anterior circulation syndrome.
*Note that the odds ratio corresponds to a unit increase in the explanatory variable. †In the subgroup of patients (n=440) in whom MRI evaluations were performed.
FABP4 in Q4 had a relative risk of 4.77 (95% CI, 2.02-8.15; P<0.001) for functional outcome after adjusting for other significant outcome predictors in univariate logistic regression analysis (Table 3) . With an area under the curve (AUC) of 0.78 (95% CI, 0.75-0.82), FABP4 showed a significantly greater discriminatory ability compared with age, sex, BMI, presence of TACS (total anterior circulation syndrome), and NIHSS score (Table  III in Table  III in the online-only Data Supplement). In addition, the net reclassification improvement and integrated discrimination improvement statistics showed that the addition of FABP4 to established risk factors significantly increased the correct reclassification of unfavorable and favorable outcomes (Table IV in the online-only Data Supplement). (Table 2) . After adjustment for these parameters, FABP4 concentration remained an independent predictor for mortality with an OR of 1.192 (95% CI, 1.141-1.246). Similarly, we also used multivariate analysis models to estimate adjusted OR and 95% CI of mortality for FABP4 quartiles (with the lowest quartile as reference). In multivariate models comparing the third and fourth quartiles to the first quartile of FABP4 (Table 3) , the concentrations of FABP4 were associated with mortality. Compared with the reference category (Q1-Q3), the concentrations of FABP4 in Q4 had a relative risk of 6.15 (95% CI, 3.43-12.68; P<0.001) for mortality after adjusting for other significant outcome predictors (Table 3) .
FABP4 and Death Within 3 Months
Receiver-operating characteristic curve demonstrated the greatest discriminatory accuracies for FABP4 concentration (AUC=0.83) and NIHSS score (AUC=0.73). The combination of FABP4 concentration and NIHSS score had a higher discriminatory accuracy (AUC=0.86) than NIHSS score alone (P<0.001). In addition, the combination of age, FABP4, BMI, NIHSS score, Hs-CRP, FBG, and eGFR showed the greatest accuracy (AUC=0.92), greater than all individual parameters alone (P<0.01; Table III in the online-only Data Supplement). Again, the net reclassification improvement and integrated discrimination improvement statistics showed that the addition of FABP4 to established risk factors significantly increased the correct reclassification of mortality patients and survivors (Table IV in the online-only Data  Supplement) .
Kaplan-Meier analyses of all-cause mortality of the 4 quartiles of FABP4 concentrations are shown in Figure 2 . Data show that the all-cause mortality is associated with different concentrations of FABP4 from a group with the lowest quartiles of plasma concentrations of FABP (group 1, 2.2%) to a group with the highest quartiles (group 4, 37.5%). Patients in the lowest and second quartiles had a minimal risk for death in contrast with patients with FABP4 concentrations in the third and fourth quartiles (P<0.0001).
Discussion
The NIHSS score is a standardized measure of stroke severity and is used to predict short-term outcome. However, it has some limitations that must be taken into account. 20 The present study is the first report to investigate the prognostic potential of FABP4 in a substantial cohort of stroke patients from a multicenter. Data confirm an important conclusion that FABP4 is a strong and independent prognostic marker of functional outcome and death in Chinese patients with AIS and adds significant additional predictive information to the clinical score of the NIHSS. 
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Consistent with our finding, Holm et al 16 reported that FABP was linked to atherogenesis, plaque instability, and adverse outcome in patients with carotid atherosclerosis and AIS. Two previous studies have shown enhanced FABP expression within human carotid atherosclerotic lesions in association with poor prognosis. 13, 22 Similarly, Chow et al 23 found that the circulating FABP4 concentration predicts the development of cardiovascular events after adjustment for traditional risk factors in a community-based cohort, whereas Furuhashi et al 24 reported that the FABP concentration, being related to adiposity and metabolic disorders, is a novel predictor of cardiovascular mortality in end-stage renal disease.
In our analysis, it is noteworthy that FABP4 seems to be a valid prognostic biomarker for stroke outcomes. Similarly, one study suggested that higher levels of FABP4 are associated with elevated cardiovascular mortality among men with type 2 diabetes mellitus. 25 Interesting, Zimmermann-Ivol et al 26 suggested that heart-type FABP3 is a valid serum biomarker for the early diagnosis of stroke. Another study showed that serum brain-type FABP7 and FABP3 are elevated early in AIS, indicating that especially FABP3 might have the potential to be a rapid marker of brain damage and clinical severity. 27 Furthermore, another study showed that urinary liver FABP (FABP1) level represented a sensitive and predictive early biomarker of acute kidney injury after cardiac surgery. 28 The underlying mechanisms linking FABP with stroke outcome are not clearly illustrated in previous studies. However, some possible mechanisms may be speculated. First, CRP is an established prognostic marker in stroke. 29 We found a positive correlation between serum concentrations of FABP and Hs-CRP. However, after adjusting for Hs-CRP, FABP4 is still associated with functional outcomes, and it may be claimed that FABP is just another acute-phase protein. Second, a recent work has shown a pivotal role for FABP in macrophages in relation to cholesterol trafficking and inflammation 30 and atherosclerosis and plaque rupture. 31 Another study provides a mechanistic linkage between FABP and impaired endothelial function in diabetes mellitus, which leads to an increased cardiovascular risk. 32 Third, the natriuretic peptide system, including B-type natriuretic peptide and the N-terminal fragment of its prohormone NT-proBNP (N-terminal Pro-B-type natriuretic peptide), plays an important role in adipose tissue metabolism, 33 which might influence the secretion of adiponectin. Some studies demonstrated that NT-proBNP and adiponectin had a significantly positive correlation, and both could predict high mortality in participants with chronic heart failure or chronic kidney disease.
34
Strengths and Limitations
Our study is the first analysis of serial serum measurements of FABP4 in Chinese patients with stroke in a multicenter. The result shows a significant change with day of samples collected. Furthermore, we collected data on a wide range of potentially confounding risk factors, allowing us to estimate the independent effect of FABP. Finally, we chose a different strategy using the fourth quartiles, because we have found this strategy to be more sensitive to other factors that might influence the relatively low concentrations.
The following limitations of our study must be taken into account. First, data on potential confounding factors, including other markers of FABPs, dietary intake, and outdoor physical activity, were not obtained. Thus, we could not determine the association of those factors with serum FABP4 concentrations and outcomes of stroke. Second, our data came from Chinese only, which could have selection bias. Therefore, it is not clear that the results are generalizable outside of this population. Third, there is evidence that FABP4 may favorably influence stroke outcomes through multiple pathways, including hypertension, insulin resistance and secretion, diabetes mellitus, and chronic inflammation. The inclusion of those factors in the models could possibly lead to overadjustment, which tends to attenuate the associations. Finally, this observational study cannot determine the causal relationship between FABP4 and functional outcomes.
Conclusions
The present study is the first report showing the serum concentrations of FABP as a useful prognostic marker of functional outcomes or mortality in Chinese patients with stroke independent of established conventional risk factors.
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